Age and growth of the starspotted dogfish Mustelus manazo in Tokyo Bay were examined from cen trum analysis using soft x-radiography. Based upon seasonal centrum edge analysis, a dark ring was formed annually, mostly in June. The von Bertalanffy growth equations were described as follows, male; Lt=1241[1-exp{ -0.120(t+2.59)}], female; Lt= 1341(1-exp{-0.1 13(t+2.55)}], where Lt is total length in mm and t is age in years. The maximum age was 8 years old for males and 10 years old for females. The growth until 2 years was similar in both sexes, but over 2 years females tended to grow larger than males. Sex ratios were approximately 1:1 until age class 4; after age class 5 the proportion of males was reduced.
In recent years, the depletion of shark resources has become a serious problem all over the world.
To prevent resource depletion, stock assessment is essential, so it is in dispensable to clarify the traits needed for stock assess ment.
The starspotted dogfish, Mustelus manazo, is common ly found along the coast of Japan1) and is an important fish ery resource. However, as is often the case with many shark species, there is not sufficient information on this species for population structure analysis.
Some studies on age and growth,2-4) reproduction3,5,6) and feeding habit7) of M. manazo have been carried out in other areas. Taniuchi et al. 3) pointed out that several stocks may be recognized around Japan judging from the differences in growth parameters between the East China Sea and off Choshi. However, Cailliet et al.4) conducted cross-exchange and comparative readings of vertebral cen tra used by Tanaka and Mizue2) and Taniuchi et al.3) and found that there were no statistically significant differ ences. To clarify whether differences are real and some unique stocks exist, more detailed studies on age and growth of M. manazo in Japan are needed. In the present study, we clarified the age and growth of M. manazo in Tokyo Bay to provide essential information on stock struc ture.
Materials and Methods
The sampling surveys were carried out in Tokyo Bay, from May 1994 to October 1995 (Fig. 1 ). Specimens were collected monthly in the muddy substrata at depths be tween 20 and 50 m in the southern part of the bay, because their distribution was almost limited to this area. Towing at about 2 knots for 40 to 90 minutes using a commercial bottom-trawl net (trap entrance 0.6m high, 5.5m wide, 5 cm mesh size, 3 cm mesh size of cod end) was repeated 5 to 10 times a day (500 and 1600 h). On occasions when in sufficient numbers of specimens were collected, additional A total of 442 specimens, consisting of 191 males rang ing in size from 264 to 946mm TL and 251 females from 215 to 1070mm TL, were collected during this study period (Table 1) .
For age determination, the largest centra around the 32nd to 40th were used. After trimming off the excess con nective tissues and preserving in 70% ethanol for several days, they were sectioned into half or about a thickness of 1-2mm along the central longitudinal axis and ground with a revolving whetstone. Several techniques, such as Mayer's hematoxylin staining, silver nitrate staining, and soft X-radiography, were tried, as Yudin and Cailliet8) did, to elucidate more calcified rings for 30 specimens selected at random. Ring counts agreed on small-sized specimens processed with all three techniques, but on large-sized Table 1 . Size distribution of specimens specimens, particularly those with more than 5 rings, stain ing methods failed to distinguish the peripheral rings, while the soft X-radiography method could distinguish the periphery clearly. Therefore, counts were made by two readers using the soft X-radiography method. Each radius was measured by calipers from the focus to the distal mar gin of the dark rings (Fig. 2 ). 
Results
Of 442 centra examined, 406 (91.9%) were readable, the remaining 36 centra (unreadable) had obscure rings. The monthly change in percentage occurrence of the cen tra with dark ring (Fig. 3) indicated that dark rings were formed mostly in June in both years. In addition, none of the 23 full-term embryos (218-304mm TL) in April and May that were investigated had a ring on their centrum, while very small, free-swimming specimens (215-322 mm TL, n=9) captured in May and July had one ring. This suggests that the first ring was formed soon after birth. It also means that N years old specimens had N+1 rings. Total length and centrum radius were found to have a statistically significant relationship (Fig. 4) . Analysis of covariance showed no significant difference between sexes, therefore, these data were combined. The equations are as follows, where y is total length in mm and x is centrum radius in mm.
The mean radii of each ring at each estimated age for males and females were very predictable, had low standard deviations, and were used to estimate the back-calculated length at age (Table 2) . Neither Lee's nor reversed Lee's phenomenon was found for the mean centrum ring radii. where t is age in years and L, is total length in mm at age t (Fig. 5) .
The maximum ages in the specimens were 8 years old for males and 10 years old for females. The growth until 2 years was similar in both sexes, but over 2 years females tended to grow larger than males.
Sex ratios were approximately 1:1 until age class 4 (Fig.  6 ). After age class 5 the proportion of males was reduced (X2 test, age class 5, p=0.043; 6, p=0.046; 7, p=0.090; 8, P=0.007). Sex ratios for each age class of M. manazo.
Discussion
In this study, we found that opaque (dark) rings were formed mostly in June, suggesting annual deposition. Simi lar estimates have been reported from two other areas for M. manazo.2,3) Taniuchi et al.3) suggested that in M. mana zo collected from off Choshi the vertebral rings were formed during the period from March to April, but may be formed not regularly. The von Bertalanffy growth equa tions from the other two areas2,3) were obtained by Allen's method,10) since the relationships between total length and centrum radius or each centrum ring radius were rather Growth coefficient, K value (M, 0.120; F, 0.113), was the lowest for males in Tokyo Bay when compared those that from the East China Seat) and off Choshi.3) In females K was lower in Tokyo Bay than in the East China Sea and higher than off Choshi. Furthermore K values in Tokyo Bay were lower than for any other species of the Genus Mustelus estimated by Francis.13) That is, in Tokyo Bay, the growth rate of M. manazo was relatively low. The max imum ages of 8 years for males and 10 years for females of M. manazo suggest that the life span is relatively longer than that of M. manazo from other areas.1,2) The maxi mum total length for males and females was higher than that in the East China Sea (912mm TL, 957mm TL) and lower than that of off Choshi (1002mm TL, 1238mm TL). Sex ratios in Tokyo Bay indicated that older females were predominant.
Klimley'o suggested that there is an adaptive advantage for females of many shark species to be spatially segregated from males so that they can feed more efficiently and grow more rapidly to maturity size. In the present case, however, this tendency toward female dominance for older ages may be a consequence of a rapid decrease in the number of males over 4 years old, rather than of sexual segregation.
However no information on M manazo for the nearby area off the entrance of Tokyo Bay is available, which needs further study.
